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5 BACKGROUND OF THE INVENTION 

The present invention relates to a scanner that 
illuminates light onto a document and reads in the 
reflected light. More particularly, the present invention 
relates to a scanner that has a cold-cathode- tube light 

10 source used as a reading light source and a temperature 

control circuit for the light source. 

Conventionally, some scanners of the type, each which 
illuminates a document and reads the reflected light, are 
utilized as scanners for facsimile machines or singly as 

15 handy type scanners. Light-emitting diode (LED) light 

sources or cold-cathode- tube light sources are used as the 
light source for the scanner. The cold-cathode- tube light 
source can provide a high luminance (brightness) with low 
power consumption. This light source is effective for 

20 high-speed color scanners. 

On the other hand, JP-A No. 67485/1999 discloses a 
color liquid crystal display as a device including a cold- 
cathode- tube light source. The cold-cathode- tube light 
source is used as the back light source for color liquid 

25 crystal devices. 
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Generally, there is the problem in that the cold- 
cathode-tube light source has the disadvantage in that a 
change in temperature of the saturated vapor pressure of 
mercury (Hg) within the cold cathode tube causes a change 
5 of luminance. The long use of the liquid crystal display, 

that is, the long lighting time of the cold cathode tube 
light source strengthens an influence of a temperature 
□ rise due to the self heat dissipation from the cold- 

m cathode- tube light source. For that reason, it is 

(n 10 necessary to perform the temperature control by detecting 

jij the temperature of the cold-cathode- tube light source as 

^ nearly as possible to the cold cathode tube. 

fj In other words, for the cold-cathode- tube light source 

j5 used as the back light for a liquid crystal display, the 

p:15 scheme of controlling the luminance of the back light 

according to the temperature of the cold-cathode- tube 
light source is generally used. In this case, the 
temperature sensor is disposed near the cold-cathode- tube 
light source. 

20 However, in the case of a scanner, particularly a 

small handy- type scanner, it is difficult to dispose the 
temperature sensor near the cold-cathode- tube light source 
because of the limited assembly space for the control 
circuit . 

25 Moreover, in the case of the system of lighting the 
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light source only when the scanner reads a document, the 
lighting is for a short time of several ten seconds so 
that the temperature change due to the heat generation of 
the cold cathode tube itself is small. Hence, in 
5 conventional scanners, the temperature rise of the cold- 

cathode-tube light source is negligible and the 
temperature control is not performed to the cold-cathode- 
tube light source. 

However, in the case of scanners, when the ambient 

10 temperature changes at the lighting start time of the 

cold-cathode-tube light source (that is, every time of 
starting a reading operation), the luminance of the cold- 
cathode-tube light source changes. As a result, the 
ambient temperature changes the magnitude of an image 

15 output signal read out. Particularly, there is the 

disadvantage in that since a low ambient temperature 
causes a small magnitude of the image output signal, the 
S/N ratio of the image output signal is deteriorated, thus 
degrading the image quality. 

20 In the conventional scanner, a small current is 

supplied to the cold-cathode- tube light source during non- 
lighting period to prevent the temperature inside the cold 
cathode tube from being decreased. However, since the 
current is continuously flown during non-lighting period, 

25 that is, while the document is not being read, the power 
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consumption increases . 

SUMMARY OF THE INVENTION 

The objective of the present invention is to solve the 

5 above -described tasks. 

Also, the objective of the present invention is to 

provide a scanner that can maintain the luminance of the 
^ cold cathode tube to a constant level. In order to realize 

,5 good efficiency in a simplified structure, the scanner 

,™ 10 controls the tube current by detecting only the ambient 

=fl temperature under actual scanner use conditions. 

According to the present invention, a scanner comprises 
;« s a cold-cathode- tube light source for illuminating a 

!^ surface of a document; a photoelectric conversion element 

y 15 for receiving light reflected from the surface of the 

document and producing an image signal; a temperature 
detection circuit for detecting an ambient temperature; 
and a control circuit for controlling a drive signal 
according to detected temperature information, the drive 
20 signal illuminating the cold-cathode- tube light source 

when the document is read. 

According to the present invention, a method of 
controlling a drive signal for illuminating a cold- 
cathode-tube light source comprising the steps of: 
25 detecting an ambient temperature and controlling a drive 
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signal based on said detected temperature information, 
said drive signal illuminating said cold-cathode- tube 
light source when said document is read. 

In the drive signal control, the current (tube current), 
5 voltage, or frequency of the drive signal is controlled. 

Moreover, the temperature detection circuit and the 
control circuit are mounted on the circuit board for the 
_ existing document reader. This allows temperature control 

:!f to be realized by adding a minimum number of components, 

10 without adding a complicated control circuit. 

!J! According to another aspect of the present invention, a 

^ scanner comprises a cold-cathode-tube light source for 

j!! illuminating a surface of a document; a photoelectric 

|^ conversion element for receiving light reflected from the 

Q 15 surface of the document and producing an image signal; an 

impedance detection circuit for detecting an impedance 
between electrodes of the cold-cathode- tube light source; 
and a control circuit for controlling a drive signal 
according to detected impedance information, the drive 
20 signal illuminating the cold-cathode- tube light source 

when the document is read. 

The impedance between electrodes of the cold-cathode- 
tube light source changes with ambient temperatures . The 
luminance can be controlled constant by controlling the 
25 drive signal of the cold-cathode- tube light source with 



the detected impedance. 



BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects, features and advantages of the 
present invention will become more apparent upon a reading 
of the following detailed description and drawings, in 
which : 

Fig. 1 is a perspective view illustrating the external 
appearance of a scanner according to an embodiment of the 
present invention ; 

Fig. 2 is a cross-sectional view illustrating the 
scanner shown in Fig. 1; 

Fig. 3 is a block diagram illustrating the temperature 
control circuit for a scanner according to an embodiment 
of the present invention; 

Fig. 4 is a characteristic diagram illustrating the 
thermistor characteristic of the temperature control 
circuit shown in Fig. 3 and the corrected characteristic 
thereof ; 

Fig. 5 is a circuit diagram illustrating the temperature 
detection circuit in the temperature control circuit shown 
in Fig. 3; 

Fig. 6 is a circuit diagram illustrating the operation 
of the boosted-voltage circuit and the dimmer control 
circuit in the temperature control circuit shown in Fig. 3 
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and 

Fig. 7 is a block diagram illustrating the temperature 
control circuit according to another embodiment of the 
present invention . 

5 

DESCRIPTION OF THE EMBODIMENTS 

Next , embodiment of the present invention will be 
explained with reference to the attached drawings. Fig. 1 
is a perspective view illustrating a scanner according to 
10 an embodiment of the present invention. Fig. 2 is a cross - 

sectional view illustrating the scanner of Fig, 1. 

Referring to Fig. 1, numeral 1 represents a handy- type 
scanner usable alone. A power on/off switch 201 and a 
scanner switch 202 are mounted on the outer surface of the 
15 scanner 1 . 

The power on/off switch 201 is a power on/off switch for 
the scanner 1. The scanner switch 202 is turned on when 
the scanner 1 performs a reading operation and is turned 
off when the scanner 1 does not perform a reading 
20 operation. 

^ A cold- cathode- tube light source 2, as shown in Fig. 2, 
lis mounted within the scanner 1 . The light from the cold- 
cathode-tube \light source 2 is reflected back from the 
surface A of a\ document to be read. The reflected light is 
25 repeatedly reflected between mirrors 3a and 3b and enters 
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into the photoelectric conversion element 5 via the lens 
4. The scanner 1 is provided with the roller 4>Jf for 
smoothing the movement . 

An electrical circuit board 7, on which a temperature 
5 control circuit for the cold-cathode- tube light source 2 

and a drive circuit for the photoelectric conversion 
element 5 and a power source circuit, is mounted within 
the scanner. The thermistor 15, which is a temperature 
detection element for detecting ambient temperatures, is 

10 mounted on the electrical circuit board 7. The thermistor 

15 is positioned at any place for detecting ambient 
temperatures, except places with large heat generation. 

Fig. 3 is a block diagram illustrating the temperature 
control circuit for the cold-cathode- tube light source 2. 

15 Referring to Fig. 3, the temperature control circuit is 

V) configured of a switch , a boosted-voltage conversion 
circuit 12, a temperature detection circuit 20, a dimmer 
control\circuit 13 and a control circuit 17. The boosted- 
voltage Conversion circuit 12 boosts a dc voltage of 12 

20 (V) from a power source (not shown) and converts it into a 

high-frequency signal b of 50KHz. The temperature 
detection circuit 20 consists of the thermistor 15 for 
ambient tempterature detection and the correction circuit 
16. The dimmer control circuit 13 changes the high- 

25 frequency signal b from the boosted-voltage circuit 12 
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according to a temperature detected by the thermistor 15 
to produce the drive signal c, thus performing dimmer 
control to change luminance of the cold-cathode- tube light 
source 2 . 

5 The temperature to resistance characteristic PI of the 

thermistor 15 detecting an ambient temperature, as shown 
in Fig. 4, varies nonlinearly. The correction circuit 16 
within the temperature detection circuit 20 converts the 
non-linear characteristic into the linear characteristic 

10 P2 and corrects the thermistor output to linearly vary the 

resistance of the thermistor 15 due to detected 
temperature changes. That is, the correction circuit 16 
can control the light amount controlling operation of the 
dimmer control circuit 13 proportionally to the ambient 

15 temperature. 

Specifically, the correction circuit 16 in the 
temperature detection circuit 20, as shown in Fig. 5, is 
configured of a variable resistor Rl , a variable resistor 
R2 and a characteristic compensation circuit Kl. The 

20 impedance of the correction circuit of Fig. 5 is varied 

while the resistance values of the variable resistors Rl 
and R2 are varied. Thus, the output characteristic of the 
thermistor 15 is approximated to a desired characteristic 
(the characteristic P2 in Fig. 4). The output of the 

25 correction circuit 16 corresponds to the corrected output 



10 



voltage a linearly reduced according to an increase in 
ambient temperature . 

In an operation of the scanner 1, the power on/off 
switch 201 is first turned on. When the document A is read 
in, the scanner switch 202 is turned on. 

When the scan switch 202 is turned on, the control 
circuit 17, shown in Fig. 3, turns on the switch 10. The 
switch 10 may be the scan switch 202 itself. 

When the switch 10 is turned on, a dc voltage of 12 (V) 
is supplied to the boosted-voltage conversion circuit 12. 

Fig. 6 is a waveform diagram for explaining the 
operation of the boosted-voltage conversion circuit 12 and 
the dimmer control circuit 13. 

The boosted-voltage conversion circuit 12 boosts the 
voltage signal of a dc voltage of 12 (V) and produces a 
high-frequency signal b of which the peak voltage VP is 
1500 to 2000 (Vrms) in effective value. The peak voltage 
VP is sufficient to discharge the cold-cathode- tube light 
source 2. In this embodiment, the frequency TO of the 
high-frequency signal b is 50 KHz. However, the frequency 
TO is not limited to 50KHz. 

The dimmer control circuit 13 varies the high-frequency 
signal b according to the corrected output voltage a and 
produces the drive signal c which lights the cold-cathode- 
tube light source 2 and varies the tube current . The drive 
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signal c is supplied to electrodes (not shown) of the 
cold-cathode-tube light source 2. 

Specifically, the dimmer control circuit 13 controls the 
light source every period T3 (= Tl + T2) as shown in Fig. 
5 6 and varies the ON time Tl of the high-frequency (b) 

every period T3 and proportionally to the corrected output 
voltage a. In other words, the dimmer control circuit 12 
produces the drive signal c, which intermittently flows 
the tube current, and controls the effective tube current 

10 according to the applied time. As a result, as the 

temperature detected by the thermistor 15 increases, the 
ON time Tl of the drive signal c reduces proportionally to 
the temperature. Thus, the luminance (light amount) of the 
cold-cathode- tube light source 2 is maintained constant. 

15 The temperature control circuit of Fig. 3 varies the 

tube current of the cold-cathode-tube light source 2 
according to the ambient temperature detected by the 
thermistor 15 upon reading the document and maintains the 
luminance to a constant level thereof. In other words, the 

20 dimmer control circuit 13 controls the drive signal c 

applied to the cold-cathode- tube light source 2 and 
maintains at all times the luminance to a constant level, 
independently of the ambient temperature. As a result, the 
brightness of the light illuminated onto the surface of a 

25 document 7 from the cold-cathode- tube light source 4 is 
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set to a constant level. The magnitude of an image signal 
for the document A which is read by the photoelectric 
conversion element 5 via the lens 4 shown in Fig. 1 is set 
to a constant level. Accordingly, the image quality can be 
obtained independently of the ambient temperature. 

Various methods are considered to the control circuit 
that produces drive signals for controllably illuminating 
the cold-cathode- tube light source 2, shown in Fig. 3. 

Referring to Fig. 3, the boosted voltage conversion 
circuit 12 and the dimmer control circuit 13, which 
generate a lighting voltage, are separated from each other. 
However, the boosted voltage conversion circuit 12 and the 
dimmer control circuit 13 may be configured as one control 
circuit to control the drive signal which illuminates the 
cold-cathode-tube light source 2 according to the 
temperature information from the temperature detection 
circuit 20. 

A voltage control circuit may be employed as one example 
for the control circuit to vary the peak to peak voltage 
VP of the drive signal c according to the correction 
output voltage (a). In this case, since the thermistor 15 
decreases the voltage of the drive signal c with the 
increasing ambient temperature, the brightness of the 
cold-cathode-tube light source 2 is maintained constant. 

A voltage/frequency conversion circuit may be employed 
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for the control circuit to vary the frequency of the 
drive signal c according to the correction output voltage 
(a). In this case, since the thermistor 15 decreases the 
frequency of the drive signal c with the increasing 
5 ambient temperature, the brightness of the cold-cathode- 

tube light source 2 is maintained constant. 

In the embodiment of the present invention, the 
temperature detection circuit and the control circuit may 
be configured of digital circuits. In this case, the 

10 control circuit produces drive signals with predetermined 

waveforms previously stored in the ROM according to the 
temperature digital information from the temperature 
detection circuit and boosts the voltage of the drive 
signal to 1500 to 2000 (Vrms) to drive the cold-cathode- 

15 tube light source 2. 

As described above, in the embodiment of the present 
invention, the tube current value is controlled while the 
ambient temperature is being observed, so that the 
luminance upon scanning is controlled to a constant level. 

20 That control enables the tube current value to be 

uniquely determined upon scanning according to ambient 
temperatures . Thus , a constant luminance can be obtained 
at all times over the range (5 to 35 ° C) of ambient 
temperatures where systems such as scanners or facsimile 

2 5 machines are used. Thus, an image quality at a constant 
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level can be obtained independently of the ambient 
temperature . 

Fig. 7 is a block diagram illustrating another 
embodiment of the present invention. According to this 
5 embodiment, the impedance detection circuit 30 that 

detects net variations in impedance of the cold cathode 
tube of the cold-cathode-tube light source 2 is replaced 
for the temperature detection circuit 20 of Fig. 3. 

The impedance detection circuit 30 detects the impedance 
10 of the cold-cathode-tube light source 2, which varies 

according to ambient temperatures, and then produces the 
voltage signal d varying according to the impedance value. 

The dimmer control circuit 13 controls the drive signal 
supplied to the cathode-tube light source 2 according to 
15 the voltage signal d. The drive signal controls the tube 

current, voltage, or frequency, as described in the 
previous embodiment . 

Such a configuration can maintain the luminance of the 
cold-cathode- tube light source to a constant level, 
20 independently of ambient temperatures. 

As described above, a sole scanner or scanners for 
facsimile machines, using a cold cathode tube acting as a 
light source, embodying the present invention, can 
maintain the luminance of the cold-cathode- tube light 
25 source to a constant level, independently of ambient 
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temperatures . ^ 
K^Q Maintaining the luminance constant, independent jyfT the 
^\ ^rnbien^: temperature, allows the peak follower circuit 
arranged in the prior art image processing circuit to be 
5 eliminated so that the cost reduction of the whole system 

can be realized. Moreover, the resultant effect is that 
the S/N riatio of an image signal becomes constant 
independently^ of the ambient temperature and that 
deterioration \n image quality is small. 
10 According to the present invention, the temperature 

detection element that detects only the ambient 
temperature, not being the temperature of the cold- 
cathode- tube light source, can be provided at any places, 
except places with large heat dissipation within the 
15 system. This feature enables the freedom in circuit design 

to be increased. The temperature detection element can be 
realized by adding to a minimum number of components to 
the circuit configuration of the prior-art document reader, 
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